-Quasi-homogeneous, ∼7 m 3 liquid krypton as active medium (27 X 0 deep) → fully contains γ's up to 100 GeV
The kaon semileptonic decays K → πlν (K l3 ) decays provide the most accurate and theoretically cleanest way to access |Vus|:
Experimental inputs:
Γ(K l3(γ) ) Branching ratios and kaon lifetimes.
I l K (λ +0 ) Phase space integral depending on the form factors.
Theory inputs:
S EW Universal short distance EW corrections (1.0232 ± 0.0003).
f + (0) Form factor at zero momentum transfer.
Form factor correction for isospin breaking (charged mode only).
K l3 form factors: Introduction K l3 decays are described by two form factors f ± (t), and the matrix element can be written as:
is the square of the four-momentum transfer to the lepton-neutrino system.
f − (t) can only be measured in K µ3 decays because of m e << m µ .
Usually form factors are re-formulated to express the vector and scalar exchange contributions:
is the vector form factor. f 0 (t) is the scalar form factor which can be described as a linear combination of f ± (t)
f + (0) cannot be measured directly ⇒ the form factors are normalized to it:
Form factor parametrizations
1) Parametrizations using physical quantities are called class 1 parametrizations. They depend on free parameters with a physical meaning.
Pole parametrization:
Assumes the exchange of vector and scalar resonances K * with spin parity 1 − /0 + and masses m V /m S . f + (t) can be described by K * (892), while for f 0 (t) no obvious dominance is seen:
2) Parametrizations without a physical meaning are called class 2 parametrizations. They require more free parameters and are extensions in the momentum transfer t.
Linear and quadratic parametrizations:
Quadratic
More free parameters to be determined → Correlations! No sensitivity to determine λ ′′ 0 with current experiments →f + quadratic /f 0 linear. 
Preliminary results (2)
• NA48/2 is the first experiment which measured both K ± e3 and K ± µ3 .
• Results for K ± e3 and K ± µ3 from NA48/2 in good agreement.
• NA48/2 preliminary result with high precision, fully competitive to other measurements. Offers the combined result with the smallest error.
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ChPT tests:
A new measurement of
[Ecker, Pich, de Rafael, NPB303 (1988) 665] Rate and spectrum depend on a single unknown O(1) parameterĉ.
'Unitarity corrections' increase BR at lowĉ and result in a non-zero rate at m γγ → 0.
[D 'Ambrosio, Portoles, PLB386 (1996) 403] Experimental status:
BNL 787: 31 candidates with 5 bkg. events, BR = (1.10 ± 0.32) × 10 −6 .
[PRL79 (1997) 4079] NA48/2 main data set: measurement hindered by trigger efficiency. → New strategy: use minimum bias trigger samples from NA48/2 and NA62.
Minimum bias data samples 2004+2007
K πγγ candidates 147
• Visible region is above the K + → π + π 0 peak with m γγ = m π 0 : z > 0.2 or m γγ > 220 MeV/c 2 .
• Cusp-like behaviour at 2m π (z ≈ 0.32) is clearly observed. ChPT O(p 6 ) combined BR fit: BR = (1.01 ± 0.06) × 10 −6 .
All results presented here are preliminary ! (E. Goudzovski @ FPCP, May 2012)
The combined 2004+2007 results contain correlated uncertainties.
PDG (= BNL E787): BR = (1.10 ± 0.32) × 10 −6 .
In good agreement with NA48/2 preliminary result.
(based on partial (40%) data sample with 1164
• Total number of candidates (from NA48/2 + NA62) = 322.
• Background contamination: (9 ± 1)% due to K + → π + π 0 (π 0 )(γ) with photon fusion.
• Very low systematic uncertainties.
• ChPT O(p 4 ) vs O(p 6 ) models cannot be discriminated.
Precision lepton universality test through the ratio
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[Cirigliano, Rosell, PRL99 (2007) 231801] Radiative corrections δR rad.corr.
K
(few %) due to the IB part of the radiative K → eνγ process (by definition included in R K )
Measurements of R K and R π have long been considered as tests of lepton universality Strong helicity suppression of R P enhances sensitivity to non-SM effects A number of systematic effects cancel at first order in the ratio R K (e.g. reconstruction/trigger efficiencies, time-dependent effects).
A counting experiment in 10 independent bins of lepton momentum
numbers of background events
geometric acceptances (from MC) f e , f µ : measured particle ID efficiencies (from data) 'Catastrophic' energy loss of muons in LKr ⇒ Muons with E/p > 0.95 identified as electrons (P µe ∼ 3 × 10 −6 and momentum-dependent).
P µe / R K ∼ 10 % ⇒ K µ2 decays represent the major background Solution: Direct measurement of P µe ⇒ Lead wall (9.2 X 0 ) in front of LKr: suppression of electron contamination from µ-e decay.
⇒ Tracks traversing Pb with p > 30GeV/c + E/p > 0.95 → pure µ samples with catastrophic bremsstrahlung (electron contamination < 10 −8 ). ⇒ The correction is evaluated with a dedicated Geant4-based simulation.
Due to the Pb wall affecting the acceptances and the different background conditions → Divide the data addtionally into 4 samples:
Lead (Pb) wall

Thickness:
∼ 10 X 0 (Pb + Fe) Width:
240 cm (= HOD size) Height:
18 cm (= 3 counters) Area:
∼ 20 % of HOD area Duration:
∼ 50 % of R K data taking The only significant background source is the beam halo. A precision in the branching ratio δBR/BR = 10% would lead to δ|V td |/|V td | = 7%.
NA62 final result
Experimental situation -far from theory precision BR(K 0 → π 0 νν) < 2.6 × 10 −8 (90%CL) E931a (KEK) (PRD 81 (2010) 
+1.15 −1.05 ) × 10 −10 E787/E949 (BNL) (PRL 101 (2008) 191802) • BNL result based on 7 K + → π + νν candidates (2.6 expected bkg.).
• Incoming kaons stopped in target → low signal efficiency (∼ 1%) and significant background (∼ 30%) due to π scattering. NA62@CERN aims to collect O(100) K + → π + νν decays with ∼ 10% background in 2 years of data taking using a novel decay-in-flight-technique.
Kinematical background rejection
92% of total background kinematically constrained: → Definition of the signal region → K + → π + π 0 'needle' forces to split it into two parts (Region I + Region II).
Kinematic rejection power:
∼ 10 4 (K ± → π ± π 0 ), ∼ 10 5 (K ± → µ ± ν). → Two signal regions with low background. µ veto: Extreme µ suppression of 10 11 required (to kill main decay K µ2 ).
→ No single detector can do this, several detector components must work together.
4) Particle identification → K/π (CEDAR: Cherenkov kaon tagger).
→ π/µ (RICH: 17m long, excellent time resolution of ∼70ps (defines event time)).
